This study was carried out to evaluate quality, yield and phenology of some sweet cherry cultivars with different maturation periods in Isparta-Egirdir conditions. The study was carried out between 2000 and 2011, on Veysel, Précoce Bernard, Star, Venus, Mechlain Haimer, Summit, Techlovan, Fercer Arcina, Sylvia, Noire de Meched, Oktavia, Belge, 0900 Ziraat, Kordia, and Ferbolus. Venus, Bernard, Techlovan and Star cultivars were identified as the earliest blooming. Oktavia, Belge, Kordia and 0900 Ziraat cultivars were found to be the latest blooming cultivars. Generally; Veysel, Bernard and Star come to harvest maturity first. Venus, Mechlain Haimer, Summit, Techlovan, Fercer Arcina, Sylvia were found to be middle season cultivars, while N. De Meched, Oktavia, Belge, 0900 Ziraat, Kordia and Ferbolus were found to be the latest. Veysel early cherry cultivar were determined to be the most productive one, while late cultivar N. De Meched and mid-season cultivar Techlovan were also found to be very efficient. In terms of fruit sizes; early sweet cherry cultivar P. Bernard, mid-season cultivar Summit and late season cultivar 0900 Ziraat gave the biggest fruits.
Introduction
Sweet cherry is among the most consumed fruits in the world. It has its own attractiveness, taste, aroma, flavor, and size. Besides, it is tastefully and easily eaten by everyone. For these reasons, it is a fruit the consumer insists on and readily consumes in both domestic and foreign markets. Therefore, it is one of the luxurious fruits that can find buyers at high prices in the market. For sweet cherry, demand is higher than supply almost every year. Consumers volunteer to pay higher prices for sweet cherry fruit (O'Rourke 2007) . Despite all this, climate is the most important factor limiting sweet cherry production (Webster & Loney 1996) . All of these make cherry growing more advantageous than many other fruit species.
Sweet cherry production of the world is 2,294,455 tons. The most important sweet cherry producer countries are Turkey (494,325 tons), USA (301,225 tons), Iran (200,000 tons), Italy (131,175 tons) and Uzbekistan (100,000 tons) (FAO 2015) . Turkey, which is the leading country 12 Ta r ı m B i l i m l e r i D e r g i s i -J o u r n a l o f A g r i c u l t u r a l S c i e n c e s 25 (2019) [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] in the production of sweet cherries, exports about 10% of its production every year. The plans for the future are focused on increasing sweet cherry export. Ecological suitability affects the quality of production positively and provides a competitive advantage.
Sweet cherry has a wide range of consumption. However, as in the whole world, supply in Turkey is not sufficient even for fresh consumption, so the amount left for processing is very low and production is generally directed towards fresh consumption. Sweet cherries are grown in almost every region. However, commercial production is in Izmir, Afyon, Denizli, Manisa, Isparta, Konya, Bursa, Canakkale, Amasya. These provinces make up about 57.7% of the production (TUIK 2012) . Sweet cherry is more attractive to the market when the fruit cultivar is less. For this reason domestic and foreign market buyers are able to pay high premium prices for quality sweet cherries. Highly priced sweet cherries make production attractive. As a result, sweet cherry production in Turkey expands and goes beyond the production areas mentioned above day by day without any basic study. Ekinci et al (2007) reported that positive developments experienced especially in recent years led to a rapid increase in the production of sweet cherries, 0900 Ziraat, among other cultivars exported, stood out with its superior quality characteristics, but the quantity of quality products was not sufficient in spite of the high production potential. Ozturk et al (2010) pointed out that the most important problem of the industry is the inadequacy of raw material supply and quality since the first day of Turkey's sweet cherry export. Similarly, Webster & Looney (1996) and O'Rourke (2007) reported that the world is inadequate in terms of raw material supply in the sweet cherry industry and that future supply and quality of raw materials in the global sweet cherry industry will be important competition criteria. Although Turkey is one of the germplasm, the production of sweet cherry cultivars with high resistant transportation, which can meet the demands of foreign market other than 0900 Ziraat cultivar, has not been widespread. The choice of alternative cultivars for sweet cherry production in a region is determined by the effect of regional conditions. The productivity and quality of cultivars can vary from region to region. Climatic conditions particularly affect blooming and ripening season cultivars. In addition to its superior quality features, it also requires to focus on alternative cultivars, such as irregular production, inefficiency and other negative features, prolonging the supply season and diversifying the product.
For this purpose, it is very important to determine the morphological, phenological and pomological characteristics of domestic and foreign sweet cherry cultivars in different regions, to determine the cultivars that have high yield and quality, are in good agreement with the domestic and foreign market demands, and are well adapted to the regional conditions and other basic studies. In this study, adaptation ability of some important sweet cherry cultivars in Isparta-Egirdir conditions was evaluated; sweet cherry cultivars having different maturity periods and economical value were determined.
Material and Methods

Orchard layout and plant materials
The experiment was carried out in the field of Sweet cherry cultivars grafted onto Mazzard (P. avium L.) seedling rootstock were planted spaced 6x5 m, in soil conditions characterized by loamy, calcareous (12% total lime), alkaline (pH 8.34). Trees were trained to a central leader and pruned in late winter and standard cultural practices. The orchard were irrigated with drip irrigation, fertilization applications were made with fertigation.
In the study Veysel, Précoce Bernard (S 3 S 9 ), Star, Venus, Mechlain Haimer, Summit, Techlovan (S 1 S 3 ), Fercer Arcina (S 2 S 6 ), Sylvia (S 1 S 4 ), Noire de Meched, Oktavia, Belge (S 3 S 4 ), 0900 Ziraat, Kordia, Ferbolus sweet cherry cultivars were used. 
Determination of phenological stages of cultivars
The phenological observations and yields in this study include data between 2006 and 2011 following juvenility. Phenological observations of the cultivars were made following the period of juvenility. Phenological observation dates were recorded as bud burst, first bloom, full bloom, bloom end and harvest date. Bud burst and petal fall dates were noted according to Chapman & Catlin (1976) . The time of 70% and 5% of blooms opened was noted as respectively full and first bloom dates. Fadón et al (2015) characterized the phenology of some sweet cherry varieties and adapted to 97 numerical BBCH codes, and framed flower development within the growth stages. According to researchers, phenological stages (BBCH scale) were defined as follows: bud burst-stage 53; first bloom-stage 61; full bloom-stage 65; and petal fall-stage 69. Harvest time, however, was recorded as the date when the cultivars reached harvest maturity according to stage 87 reported by Fadón et al (2015) . Harvest times were grouped as early, mid-season and late.
Determination the yields of the cultivars
The yield of the cultivars was taken as yield (kg) per tree per year following juvenility. Average yield per tree, cumulative yield and cumulative yields per unit area (kg ha -1 ) were calculated. In the last year of the experiment, the cumulative yield of the trunk section area was determined (kg cm -2 ).
Determination of some fruit characteristics of cultivars
In the last two years of the experiment (2010-2011), pomological analyzes of the cultivars were carried out and the differences among the cultivars were determined.
Pomological analyzes were performed with 20 fruits sampled each time. Fruit weight (g), width (mm), length (mm), stone weight (g), stalk length (mm) and stalk weight (g) were measured using standard methods. Fruits were measured by soluble solid content (SSC, %-refractometer), total acidity (TA, titrated with 0.1N NaOH; %), fruit juice pH, fruit firmness (with hand penetrometer using 4.5 mm tip).
Statistical analysis
The experimental design was a randomized blocks, 5 replicates using a single tree. Statistical analyses were performed using the JMP statistical software package (vers 8; SAS Inst. Inc., Cary, NC, USA). Mean separation was performed using LSD's multiple range test at P<0.01 level.
Results and Discussion
Determination of phenological stages of cultivars
When the first blooming dates were compared, it was determined that the cultivars of Venus, Bernard, Techlovan and Star were the earliest blooming. Overall, it was observed that Oktavia, Belge, Kordia and 0900 Ziraat cultivars were in the late-blooming group. It can be said that cherry cultivars generally bloomed between 3 rd week and 4 th week of April in Egirdir ecology in terms of full blooming dates. The blooming end dates of cultivars were generally between the end of April and the beginning of May. A distribution parallel to the first blooming and full blooming dates was observed among the cultivars (Figure 1 ).
The blooming time varies depending on the cultivar and climate. In this respect, determination of the time and duration of blooming of the cultivars depending on the region and cultivar is a very important issue for the production of sweet cherries, which is a problem of incompatible which is especially required to use a pollinator cultivar. The cultivars in our study are able to pollinate each other. Because the blooming duration of the cultivars coincides with each other in groups. However, an early blooming cultivar cannot be recommended as pollinator for a late blooming cultivar. In our study, Oktavia (S 1 S 3 ), Summit (S 1 S 2 ) and Kordia (S 3 S 6 ) cultivars can be used as pollinator to each other since the blooming time with 0900 Ziraat cultivar is at the same time with each other. As a matter of fact, Sarısu et al (2016a) 14 Ta r ı m B i l i m l e r i D e r g i s i -J o u r n a l o f A g r i c u l t u r a l S c i e n c e s 25 (2019) [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] reported that Kordia (23.28%) and Summit (22.28%) and Oktavia (12.59%) gave very good results in the 0900 Ziraat as pollinator and found that the pollinating capacities of these cultivars were generally high. However, since N. de Meched and 0900 Ziraat, which are good efficiency in the study, are in the same incompatible group (22 nd incompatible group-S 3 S 12 ) (Schuster 2012) they cannot pollinate each other. Similarly, although the blooming times of the Venus and Star cultivars coincide, they cannot be pollinate with each other because they are in the second group (S 1 S 3 ) incompatible (Schuster 2012) group. For this reason, as many researchers have noted (Choi & Andersen 2001; Wünsch & Hormoza 2004; Beyhan & Karakaş 2009; Ipek et al 2011; Schuster 2012) , cultivars should be preferred, in which both blooming times and incompatible groups are appropriate when setting up a sweet cherry orchard.
In the study, the harvesting times of sweet cherry cultivars are shown in Figure 2 , and the blooming and handling times (visual) are given in Figure 3 . It was seen that the cultivars in the experiment generally provided a harvest advantage from the beginning of June until the beginning of July in Egirdir ecology. Generally, the cultivars of Veysel, Bernard and Star come to the first harvest maturity. As mid-season cultivars, Venus, Mechlain Haimer, Summit, Techlovan, Fercer Arcina, Sylvia, the latest cultivars of the harvest maturity are N. de Meched, Oktavia, Belge, 0900 Ziraat, Kordia, Ferbolus. When the harvest dates are considered; for Egirdir ecology, the cultivars in the experiment did not maintain continuity in the 2 nd week of harvest during the 4 week harvest period. During the first, third and fourth weeks, the harvesting period could be closed with different cultivars (Figure 2) . It is very important that the sweet cherry fruits maturity on the tree almost at the same time and therefore the harvesting process should be completed in a short time without losing much time. In addition, the sweet cherry harvest is very difficult and requires lots of labor. For these reasons, if the sweet cherry orchard has to be established in large areas, it is economically advantageous for growers that the harvesting times of the appropriate cultivars are different from each other. For example, in our study, establishing sweet cherry orchard in large areas with two types of combination Mechlain Haimer and Summit, Techlovan and Fercer Arcina, 0900 Ziraat and Kordia will not be economically viable for this region. The different harvesting times of the cultivars will contribute to the diversification of cultivars in the production regions. 
Determination of yields of cultivars
The yields per tree and cumulative yields of cultivars following 6 years juvenility are given Table 1 .
As a result of the analysis of variance in terms of cumulative yield, the differences between the cultivars were found significant (P<0.01). It was determined that the most productive cultivars of the earliest cultivars of Veysel among all cultivars (147.86 kg -1 ) and P. Bernard cultivar, which is also an early cultivars, has the lowest yield cultivar (35.96 kg -1 ). N. de Meched, which is a latest cultivar, and Techlovan cultivar, which are mid-season cultivars, appear to be second and third among all cultivars in efficiency ( ). In our study, we used 0900 Ziraat and Kordia, besides some other foreign cultivars which not much information have been given about the productivity of them. For this reason, our findings show originality in terms of yield efficiencies. Our findings are similar to some other studies for Kordia and 0900 Ziraat cultivars (Lichev et al 2004; Stehr 2008; Grzyb & Rozpara 2009; Sarısu et al 2016b) .
The yield per cross section area (P<0.01) and trunk cross sections (P<0.05) of the experimented sweet cherry cultivars were found to be statistically significant ( Table 2 ). The largest cross-sectional area was observed in Ferbolus (567.02 cm 2 ) while Kordia cultivar (316.28 cm 2 ) had lowest cross-sectional area. While the highest with Veysel and 48.72 t ha -1 with Techlovan, these cultivar were included in the same group in the analysis of variance. The cumulative yield per unit cross-sectional area was at most Techlovan (0.47 kg cm 2 ) then Veysel (0.40 kg cm 2 ) and in the statistical analysis, the Techlovan cultivar is different from the Veysel cultivar. The Fercer Arcina has the lowest both in unit area cumulative yield and cumulative yield per unit cross-sectional area (Table 2) .
Determination of some fruit characteristics of cultivars
The most important criteria that are mentioned as fruit quality factors in cherries are; fruit weight, fruit shape, fruit firmness, stalks remain green for a long time, taste, fruit color, SSC and TA (Kader 1983; Younce & Davis 1985; Drake & Fellman 1987; Fischer et al 1996) . In this respect, when we studied some fruit quality properties of fruits, Sweet cherry fruit size were found to be statistically significantly at the sweet cherry cultivars at different harvesting periods (P<0.05) (Figure 4) . Among the early cherry cultivars in terms of fruit sizes, P. Bernard cultivar showed the best results. P. Bernard was the largest cultivar in the early with fruit weight (7.39 g) and fruit diameter (24.67 mm). Fruit size increased in mid and late season cultivars. Among the midseason cultivars, the largest fruit was obtained Summit (11.21 g) cultivar. Also, Fercer Arcina and Sylvia of the same period cultivars were large enough to be ignored with 9.34 g and 9.25 g fruit weights respectively.
The most important export cultivar of Turkey among the late period cultivars was found to be 0900 Ziraat which gave statistically significant fruit weight (10.11 g) (P<0.01). Oktavia (9.03 g) and Belge (8.91 g) were also found to be important cultivars in terms of size (Figure 4) . Kappel et al (1996) giving the model of 'ideal' of sweet cherry cultivar, state that it should have the weight of fruit 11-12 g. Crisosto et al (2003) stated that the size of the fruit determines the crop, quality and acceptance of the cultivar by the customers. In our study also, ideal weight cultivars were Summit and 0900 Ziraat.
Sweet cherry cultivars stone, fruit stalk and some fruit chemical characteristic were given Table  3 . Stone weights were found statistically significant at sweet cherries (P<0.05). The bigger stone weight The most important export cultivar of Turkey among the late period cultivars was found to be 0900 Ziraat which gave statistically significant fruit weight (10.11 g) (P<0.01). Oktavia (9.03 g) and Belge (8.91 g) were also found to be important cultivars in terms of size (Figure 4) . Kappel et al (1996) Although there was no statistical difference between pH and SSC values among the cultivars in the study, TA was found to be statistically significant (P<0.01) ( Table 3) . Meclain Haimer, Techlovan, Fercer Arcina, Kordia and Ferbolus cultivars have high SSC. In general, early cultivars were found to have lower SSC. The original fruit colors and SSC were taken into consideration when the harvest time of the cultivars was decided. The SSC of the cultivars generally ranged between 12-16% (Table 3) . Main factor of fruit quality, is the content of soluble solids (Crisosto et al 2003) . It depends on many factors, and mostly on the cultivar (Gonçalves et al 2006) , rootstock (Usenik et al 2010) and stages of fruit ripeness (Drake & Elfving 2002) . According to Kappel et al (1996) the 'ideal' of sweet cherry cultivars would be the one having the content of soluble solids between 17% and 19%. The differences between our results and results of other authors can be explained by the influence of different rootstock, soil and climate conditions, cultural practices, and stage of maturity (Drake & Elfving, 2002; Crisosto et al 2003) .
Conclusions
In conclusion, in Isparta-Egirdir ecology, as a result of this study carried out with different cherry cultivars, Mechlain Haimer, Techloven and Sylvia midseason cultivars, Oktavia, N. De Meched, Kordia, 0900 and Belge late season cultivars were found to be advisable. The Early Veysel cultivar is not recommended for this region because of its low fruit quality, although it gave the highest yield.
